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Abstract

Background: Many clinical trials have investigated the use of platelet-rich plasma (PRP) to treat
rotator cuff-related abnormalities. Several meta-analyses have been published, but hone have
focused exclusively on level 1 randomized controlled trials.

Purpose: To assess the efficacy of PRP for rotator cuff-related abnormalities and evaluate how
specific tendon involvement, the inclusion of leukocytes, and the use of gel/nongel formulations
affect pain and functional outcomes.

Study Design: Systematic review and meta-analysis.

Methods: The literature was screened following PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines. Baseline, short-term, and long-term data were
extracted for the Constant score, University of California, Los Angeles (UCLA) score, visual
analog scale (VAS) for pain, retear rate, Simple Shoulder Test (SST), and American Shoulder and
Elbow Surgeons (ASES) score. The 100-point modified Coleman Methodology Score (CMS) was
used to assess methodological quality. Funnel plots and the Egger test were used to screen for
publication bias, and sensitivity analysis was performed to evaluate the effect of potential outliers.

Results: A total of 18 level 1 studies were included in this review, 17 (1116 patients) of which
could be included in quantitative analysis. The mean modified CMS was 79.4 + 10.39. The
Constant scores of patients who received PRP were significantly better short term (weighted mean
difference [WMD], 2.89 [95% ClI, 0.89-4.90]; £< .01) and long term (WMD, 2.66 [95% CI, 1.13—
4.19]; P<.01). The VAS scores were significantly improved short term (WMD, —0.45 [95% ClI,
-0.75 to —0.15]; P<.01). Sugaya grade 1V and V retears in PRP-treated patients were
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significantly reduced long term (odds ratio [OR], 0.34 [95% CI, 0.20-0.57]; £< .01). In PRP-
treated patients with multiple tendons torn, there were reduced odds of retears (OR, 0.28 [95% Cl,
0.13-0.60]; P<.01). Patients who received leukocyte-rich PRP had significantly better Constant
scores compared with the leukocyte-poor PRP group, but there was no difference in VAS scores.
Patients receiving PRP gel reported higher Constant scores compared with the controls, whereas
those receiving nongel PRP treatments did not, although there was no difference in VAS scores.
Long-term odds of retears were decreased, regardless of leukocyte content (leukocyte-poor PRP:
OR, 0.36 [95% Cl, 0.16-0.82]; leukocyte-rich PRP: OR, 0.32 [95% ClI, 0.16-0.65]; all A< .05) or
usage of gel (nongel: OR, 0.42 [95% ClI, 0.23-0.76]; gel: OR, 0.17 [95% CIl, 0.05-0.51]; all »
<.01).

Conclusion: Long-term retear rates were significantly decreased in patients with rotator cuff-—
related abnormalities who received PRP. Significant improvements in PRP-treated patients were
noted for multiple functional outcomes, but none reached their respective minimal clinically
important differences. Overall, our results suggest that PRP may positively affect clinical
outcomes, but limited data, study heterogeneity, and poor methodological quality hinder firm
conclusions.
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important difference; systematic review and meta-analysis

A rotator cuff injury is the most common shoulder disorder treated by orthopaedic surgeons,
with more than 30% of patients older than 60 years experiencing some form of a rotator cuff
injury.”:65 The standard treatment for rotator cuff tears is surgical repair, but as many as 70%
of repair sites rupture,?! and the biochemical and mechanical properties of the repaired
tendon never match those of the intact tendon.”-56 The current therapeutic options include
direct sutures, autografts, allografts, and permanent tendon prostheses.’’ However, direct
sutures are often associated with high retear rates,24 and both autografts and allografts#* are
accompanied by several disadvantages, including increased surgery time, limited donor
tendon sources, and sacrificed function of the donated tendon.””

The poor self-repair capability of the tendon and the limitations of current surgical and
injection-based interventions have led to increased interest in platelet-rich plasma (PRP).
PRP is an autologous mixture produced by centrifugal separation of whole blood.3” The
therapeutic effects of PRP are often attributed to the concentrated anabolic agents that it
contains33; however, the centrifugation process also concentrates potentially deleterious
agents, and even among the potentially beneficial growth factors and cytokines, effects are
often pleiotropic.36

A number of studies reviewing the clinical efficacy of PRP for rotator cuff injuries have been
published, but results have been mixed, and questions remain.1:68.72.79 One of the principal
factors limiting our understanding of PRP and its clinical efficacy is heterogeneity. Even
among the randomized controlled trials that have been published to date, disease severity,
methodological quality, and treatment formulation vary widely.8 Additionally, the minimal
clinically important difference (MCID) is rarely discussed, despite the fact that studies may
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find statistically significant relationships that do not have clinical importance to patients,
clinicians, or policy makers.50

A certain degree of variability between different PRP preparations is unavoidable because
PRP is prepared at “point of care.””* While this variability does not preclude meaningful
efficacy conclusions, it does pose additional challenges that have been largely overlooked in
the literature to date. We still do not understand how clinical outcomes are affected by
participant characteristics or how the PRP formulation affects efficacy. This meta-analysis
assessed how factors such as specific rotator cuff tendon(s) torn, use of PRP gel, and
inclusion of leukocytes affect functional outcomes and pain.

METHODS

Search Methods for the ldentification of Studies

This study was performed in accordance with the 2009 PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) guidelines and the PRISMA of Individual
Patient Data (PRISMA-IPD) statement.#3:60 Using PubMed, MEDLINE, and the Cochrane
Library, a comprehensive search of the literature was carried out in December 2017 (Figure
1) for “PRP OR platelet-rich plasma AND rotator cuff” filtered by “human” and
“randomized controlled trial.” A repeat search was conducted in December 2018 and did not
identify any new articles.

Two authors (X.C. and 1.A.J.) independently screened studies for eligibility. The preliminary
screen identified 26 articles for eligibility review. There were 8 articles that were excluded
because they did not meet the inclusion criteria. No additional articles were identified after
reviewing bibliographies, leaving 18 full-text articles for qualitative analysis. One study®0
was excluded from quantitative analysis because the authors were not able to provide usable
data after being contacted. A total of 17 articles were included in quantitative analysis.

Inclusion Criteria

Full-length English-language articles that reported clinical outcomes were screened for
inclusion. Only level 1 studies, as defined by the Oxford Centre for Evidence-Based
Medicine,*8 were included. No studies were excluded based on follow-up time, although all
but 2 studies followed patients clinically for at least 6 months. Blinding, severity of injury,
number of tendons involved, PRP preparation methodology, and type of outcome measures
used were recorded but not used as a basis for inclusion/exclusion.

Modified Coleman Methodology Score

To assess methodological quality, we used a modified version of the Coleman Methodology
Score (CMS).1261 CMS values range from 0 to 100. The higher the score, the lower the
probability that outcomes are caused by chance, biases, or confounding factors.*2 In brief,
scores are based on 11 criteria and broken into 2 parts (Appendix Table Al, available in the
online version of this article). Scoring criterion A3, “number of surgical procedures,” was
modified such that PRP application during or after rotator cuff repair was not counted as an
additional procedure. Furthermore, 7 points instead of O points were given if >10% patients
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underwent more than 1 surgical procedure, as long as additional procedures were well-
described. These modifications prevented the artificial deflation of scores while maintaining
the original aims of the scoring system, as the CMS was originally intended for the
assessment of studies on patellar tendinopathy. Without modifications to accommodate a
different surgical procedure, a full score of 10 would have been impossible because of the
high frequency of adjunct procedures in rotator cuff repair. Two authors (X.C. and 1.A.J.)
independently reviewed the included articles before meeting to collectively determine the
final CMS value (Appendix Table A2, available online).

Selection of Outcome Measures

To ensure that there were sufficient data for quantitative analysis, outcome measures were
selected based on how frequently they were used in the included studies. Only outcomes that
were reported in =4 studies were included in the meta-analysis. The only exception was the
Sugaya grade, which was reported in 8 studies but was not analyzed because of its direct
overlap with the retear rate.

Meta-analysis

The outcomes of the Constant-Murley (Constant) score, University of California, Los
Angeles (UCLA) score, visual analog scale (VAS) for pain, retear rate, Simple Shoulder Test
(SST), and American Shoulder and Elbow Surgeons (ASES) score were extracted and
categorized as follows: baseline, short term (up to 6.5 months’ follow-up), and long term
(=1-year follow-up, if available). When studies did not report a standard deviation, it was
calculated from the standard error or 95% confidence interval (CI). The standard deviation
calculated from the 95% CI used critical values from the ¢distribution because of the small
sample size. The mean was calculated from the median and interquartile range, as suggested
by Wan et al,’? and the standard deviation was calculated using the Cochrane method.2
VAS scores that were reported on a 0-to-100 scale34 were converted to a 0-to-10 scale for
consistency. Sugaya grades 1V and V were considered a retear event.

The weighted mean differences (WMDs) with 95% Cls were calculated for the continuous
outcomes for each study. Because each outcome of interest was assessed separately, and the
unit of measurement was the same across studies for the specified outcomes, the mean
difference was not standardized. When the outcome was binary, the odds ratio (OR), along
with the 95% CI, was calculated and reported. If any of the 2 x 2 tables for a study had cell
counts equal to zero (“zero cells”), a continuity correction of 0.5 was added to all cells for
the study to be included. A random-effects model was used under the assumption that the
true effect would not be the same across all the studies and because variability across studies
for each outcome was expected.

A meta-analysis was performed by time subgroups (baseline, short term, and long term) and
overall to determine the efficacy of PRP versus control. For each outcome, several variables
of interest (blinding, injury severity, specific rotator cuff tendons torn/affected, leukocyte
type, and gel formulation) were evaluated within each time point; however, if there were too
few studies in a particular subgroup to be informative, that subgroup was not reported. The
following covariates were excluded: injury severity, type of activating agent used (if any),
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and study blinding. There were 3 subgroups that could be analyzed: rotator cuff tendons
torn/affected, leukocyte-rich PRP (LR-PRP) versus leukocyte-poor PRP (LP-PRP), and use
of gel versus injection. LR-PRP was defined as PRP having a white blood cell (WBC)
concentration exceeding that of whole blood (4.0-10.0 per uL3), while LP-PRP was defined
as PRP having a lower WBC concentration than whole blood.>3 For studies that did not
explicitly report the WBC concentration, the PRP preparation kit and associated
manufacturer data were used to determine WBC content and categorize studies into
respective LR-PRP and LP-PRP groups.

Forest plots were used to determine if there was variable-specific efficacy heterogeneity. The
P test was used to assess heterogeneity based on the thresholds reported in the Cochrane
Handbook for Systematic Reviews of Interventions2°: 0%-40% might not be important,
30%-60% may represent moderate heterogeneity, 509%—-90% may represent substantial
heterogeneity, and 75%-100% may represent considerable heterogeneity. Funnel plots and
the Egger test were used to assess potential publication bias. Sensitivity analysis was
performed to evaluate the effect of potential outliers. For retears, this was done by removing
studies that reported zero events one at a time. All analyses were performed using STATA
version 15.1 (StataCorp).

Clinical Interpretation

RESULTS

The MCID was used to evaluate the potential clinical importance of reported findings. A
10% difference threshold was considered based on the rationale outlined in the American
Academy of Orthopaedic Surgeons (AAOS) evidence-based guidelines and published
anchor-based values.28 However, given the controversial nature of the AAOS guidelines and
apparent disconnect between the AAOS recommendations and what occurs in clinical
practice,32 differences were only considered clinically insignificant when they fell below
half of the MCID used by the AAOS (ie, <5% difference), which is conservative with
respect to MCID values reported in the literature for rotator cuff patient-reported outcome
(PRO) measures (Table 1).

A total of 18 level 1 studies were included in this review (Table 2). None of the published
works included overlapping participant groups. The majority of studies compared surgical
repair using PRP to repair without additional treatment in middle-aged patients with full-
thickness tears. There was extensive heterogeneity between the types of treatments that were
administered and the way in which they were characterized (Appendix Table A3, available
online). For example, 6 different activating agents and 12 different kits were used to prepare
the PRP treatments. There was wide variability between the total PRP volume that was
administered (range, 0.4-20 mL), and about a third of the studies failed to report the PRP
volume altogether. Only a handful of studies reported platelet or leukocyte concentration.
There was also variability in the degree of injury. There were 4 studies that did not report
which rotator cuff tendons were affected, 8 studies only included participants who had
injuries exclusively to the supraspinatus, and 6 studies included participants with multiple
tendons affected.
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Methodological Quality

The mean modified CMS score was 79.4 £ 10.39. Less than half of the studies scored full
points for sample size (>60 patients required), which limits their individual clinical
relevance.? Additionally, no studies followed participants for longer than 24 months.

Overview of Meta-analysis

Of the 18 (1151 patients) studies included in this review, 17 (1116 patients) contained
analyzable data and were included in the meta-analysis. Of the 1116 patients with available
data, 545 were treated with PRP. The following outcome measures were used (Table 3):
Constant score (10 studies), UCLA score (6 studies), VAS (10 studies), retear rate (11
studies), ASES score (4 studies), and SST (4 studies). Moreover, 3 authors were contacted
for additional data; 2 did not respond,30:80 and 1 author’3 was not able to provide the data
requested.

Patients who received PRP reported improvement in the Constant score at short term
(WMD, 2.89 [95% CI, 0.89-4.90]; A< .01), long term (WMD, 2.66 [95% Cl, 1.13-4.19]; P
<.01), and overall (WMD, 1.80 [95% ClI, 0.63-2.96]; P< .01) (Appendix Figure A1,
available online). For the VAS, improved scores were reported in PRP-treated patients at
short term (WMD, —-0.45 [95% CI, —0.75 to —0.15]; £< .01) and overall (WMD, -0.27
[95% CI, —0.51 to —0.04]; P=.02) (Appendix Figure A2, available online). For the ASES
score, there was no significant difference between the PRP- and non—PRP treated patients at
any time points (Appendix Figure A3, available online). There were reduced odds of Sugaya
grade IV and V retears in PRP-treated patients compared with non—-PRP treated patients at
long term (OR, 0.34 [95% ClI, 0.20-0.57]; £<.01) and overall (OR, 0.42 [95% CI, 0.26—
0.67]; P<.01) (Appendix Figure A4, available online). Patients who received PRP treatment
reported higher UCLA scores at short term (WMD, 1.75 [95% Cl, 0.85-2.64]; £<.01), long
term (WMD, 1.39 [95% ClI, 0.35-2.43]; P< .01), and overall (WMD, 0.97 [95% ClI, 0.23-
1.70]; P=.01) (Appendix Figure A5, available online). For the SST, patients who received
PRP treatment reported better scores at long term (WMD, 0.41 [95% Cl, 0.09-0.73]; P
=.01). Moderate to substantial heterogeneity was reported at baseline (2 = 68.6%; P< .01)
and overall (/2 = 55.7%; P< .01) for the Constant score; overall (2 = 68.5%; P< .01) for the
UCLA score; baseline (2 = 50.9%; P=.03), long term (2 = 87.5%; P< .01), and overall (2
= 82.4%; P< .01) for the VAS; and short term (/2 = 71.6%; P=.03) for the ASES score.
Significant heterogeneity was not observed for the SST (all > .05).

Meta-analysis of Covariates

The following 3 categories were selected for in-depth analysis: the specific rotator cuff
tendons involved (Figure 2), the use of LR-PRP/LP-PRP (Figure 3), and the use of gel/
nongel PRP (Figure 4). Additionally, sufficient data for meaningful comparisons were only
available for the Constant score, VAS, and retear rate.

For the long-term Constant score, it appeared that scores did not differ between the PRP and
control groups when PRP was used to treat supraspinatus tears exclusively (Figure 2A).
However, patients who received PRP treatment reported better Constant scores compared
with the control if multiple tendons were torn (WMD, 4.87 [95% Cl, 2.89-6.85]; £< .01).
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PRP treatment did not appear to cause significant changes in VAS scores for any of the
rotator cuff tendon subgroups (Figure 2B). Although more data are needed to determine if
there really was no difference between treatment groups for long-term retear outcomes in
supraspinatus tears, it appeared that PRP treatment reduced the odds of retears in patients
with multiple tendon tears compared with the control (OR,0.28 [95% CI, 0.13-0.60]; P
<.01) (Figure 2C). No significant heterogeneity was reported in the multiple tendon
subgroup for the Constant score or retear rate at long-term follow-up (all 2> .05), although
there was substantial heterogeneity among the nonspecified group (/2 = 70.7%; P=.03) for
the VAS.

Among studies in which leukocyte inclusion or exclusion was reported, patients who
received LR-PRP had improved Constant scores (WMD, 3.19 [95% ClI, 1.44-4.95]; P<.01)
(Figure 3A). There was no significant difference between treatment groups, regardless of
leukocyte content, for VAS scores (Figure 3B). The odds of retears at long term were
reduced if the patient received PRP, regardless of leukocyte inclusion (LP-PRP: OR, 0.36
[95% CI, 0.16-0.82]; LR-PRP: OR, 0.32 [95% ClI, 0.16-0.65]; all < .05) (Figure 3C).
There was substantial heterogeneity reported for the LP-PRP group for the Constant score
(P = 69.6%; P=.04) and for the LR-PRP group (/2 = 83.6%; P< .01) for the VAS. There
was no significant heterogeneity for either subgroup for the retear rate at long-term follow-
up (all > .05).

The long-term Constant scores of participants who received nongel PRP treatment were not
significantly different from those in the comparator groups (Figure 4A); however, patients
who received PRP gel reported higher Constant scores than those in their respective
comparison groups (WMD, 3.81 [95% ClI, 1.62-6.00]; £< .01). For the VAS, the PRP and
control groups did not differ, although there was substantial heterogeneity in the nongel
subgroup (/2 = 90.1%; P< .01) (Figure 4B). At long-term follow-up, PRP reduced the odds
of retears in both the nongel (OR, 0.42 [95% CI, 0.23-0.76]; £<.01) and gel (OR, 0.17
[95% CI, 0.05-0.51]; P < .01) groups (Figure 4C).

While statistically significant differences were observed for several PROs, the improvements
compared with control treatments were less than even the most conservative anchor-based
estimates of the MCID for shoulder injuries within the literature. None of the overall, short-
term, or long-term effect sizes reached 5% of the absolute difference threshold used to
approximate the MCID. In the short term, the Constant score reached 57.8% of the MCID,
while the VAS, ASES score, and SST reached 90.0%, 40.8%, and 75.0%, respectively. In the
long term, the Constant score reached 53.2% of the MCID, while the VAS, ASES score, and
SST reached 68.0%, 26.6%, and 68.3%, respectively. Overall, the Constant score reached
36.0% of the MCID, while the VAS, ASES score, and SST reached 54.0%,14.8%, and
38.3%, respectively.

Publication bias was assessed using funnel plots (Figure 5, A—-C; Appendix Figures A7-A9,
available online). The plots for all outcomes, with the exception of the Constant score,
appeared to be asymmetric, with some missingness at the lower portion of each respective
plot, suggesting possible publication bias. The funnel plots for the Constant score, UCLA
score, and VAS appeared to have some outliers. The outliers were not attributed to any of the
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subgroups in particular. When the Egger test was performed, there was indication of small
study effects for the UCLA score and VAS (P < .05) most likely because of heterogeneity
and small sample bias.

Sensitivity analysis was performed by removing potential outliers reported in the funnel
plots one by one. For the UCLA score, the short- and long-term subgroups became
nonsignificant when the Pandey et al*® study was removed. For the VAS, removing the
studies by Rha et al®2 or Pandey et al*® made the short-term results no longer significant.
However, removing the Zhang et al’® study made the long-term subgroup significant
(WMD, -0.47 [95% CI, —0.84 to -0.11]; £=.01). For the SST, removing the potential
outlier (study of Gumina et al2) made the long-term results no longer significant (WMD,
0.43 [95% CI, —0.10 to 0.96]; P=.11), whereas overall results became significant (WMD,
0.43 [95% CI, 0.02 to 0.83]; A= .04). Removing other potential outliers for these and other
outcome measures did not change the results for the time subgroups or overall. Removing
articles that reported zero cells for the retear outcome did not change the time subgroups or
overall results. None of the studies reporting potential outliers or zero cells were removed
from final analysis, as there was no indication of errors in the data reported.

DISCUSSION

Other recent meta-analyses investigating the effect of PRP on rotator cuff pain and function
have drawn inconsistent conclusions. Cai et al* found no difference in clinical outcome
scores (Constant, UCLA, ASES, and SST) between PRP and control groups but still
concluded that PRP may improve tendon-to-bone healing based on significant differences in
the failure-to-heal rate. Hurley et al?” found that the use of PRP increased tendon healing
and improved Constant, VAS, and UCLA scores and concluded that PRP improves pain,
function, and the healing rate. Our meta-analysis of 17 level 1 randomized controlled trials
(1116 unique patients) found statistically significant decreased pain in patients treated with
PRP. PRP was found to improve Constant and VVAS scores (similar to Hurley et al) but not
ASES scores (similar to Cai et al).

Statistical significance may not necessarily translate to clinical significance. None of the
functional outcomes included in this study reached their respective MCIDs, suggesting that
making conclusions based on statistical significance alone may be erroneous and misleading.
This study is the first level 1 review to provide additional clinical context to quantitative
results through the MCID, suggesting that PRP may not necessarily be better than placebo
for the treatment of rotator cuff injuries.

Among functional outcomes, results varied based on the tendons injured, leukocyte inclusion
in the PRP formulation, and whether PRP was applied as a gel. While there are no tendon-
specific results in the literature to compare with this study’s data, there have been subgroup
analyses on leukocyte inclusion and type of PRP application. A meta-analysis by Warth et
al’2 found no statistically significant difference in Constant scores and retear rates of
patients undergoing rotator cuff repair with a PRP liquid injection versus gel. In contrast,
this study showed that the use of PRP gel was associated with increased Constant scores.
Nongel applications did not show improvement over the control at long term, although both
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types were associated with a decreased retear rate. Potential explanations for this difference
comprise the inclusion of level 2 studies by Warth et al and a larger data set used in this
study. Despite the differences observed in this study, no recommendation can be made on the
ideal PRP type, as there is still a scarcity of high-quality randomized controlled trials
comparing PRP gel with PRP liquid.

LR-PRP was found to increase Constant scores, and both LR-PRP and LP-PRP decreased
retear rates in the long term compared with the control. These findings differ from the results
of a meta-analysis by Fitzpatrick et al,1® which found significant pain reduction (as
measured by the VAS) in patients treated with LR-PRP compared with LP-PRP. This
discrepancy could be because Fitzpatrick et al analyzed multiple different tendinopathies
and specifically excluded studies that involved surgical interventions, such as full-thickness
rotator cuff tears. There is a shortage of studies investigating the role of leukocytes in PRP’s
efficacy, with many clinical trials failing to report the leukocyte content. Additional studies
are needed before conclusions for LR-PRP can be drawn.

PRP appeared to significantly reduce the retear rate compared with the control. This
reduction in the retear rate was independent of the gel/liquid application method or
leukocyte inclusion. Of interest, PRP was found to reduce long-term retear rates in patients
with multiple rotator cuff tendons torn. Prior meta-analyses have reported conflicting results
on the retear rate, with several’2 reporting no significant difference between PRP-treated and
control groups and others88 finding significantly reduced retear rates in PRP-treated patients.
Vavken et al®8 concluded that PRP treatment for the prevention of rotator cuff retears is not
cost-effective, despite reduced retear rates caused by an incremental cost-effectiveness ratio
of $127,893 per quality-adjusted life-year gained. Reduction in the retear rate remains a
difficult metric to compare between studies because of study heterogeneity, and no MCID
exists for the retear rate because any retear is considered clinically significant. The reduced
retear rates observed in this study are promising and may support the use of PRP for
decreasing retears, although more studies are needed to clarify the role of PRP in long-term
rotator cuff healing.

The MCID for each PRO measure was approximated using half of a recommended 10%
threshold (5%). While multiple PRO measures were shown to have statistically significant
improvements in this study, PRO measures at all analyzed time points failed to reach the 5%
absolute difference threshold, with only the short-term VAS effect size rising above 4%.
Moreover, compared with the MCID values in the literature, none of the short-term, long-
term, or overall effect sizes reached their respective average MCID.

The MCID is not without limitations. First, MCIDs reported in other rotator cuff studies
have varying degrees of credibility, as several studies did not quantify data distribution via
standard deviations, standard errors, or confidence intervals. Additionally, there is no
guideline on a specific percentage difference that accurately approximates the MCID for the
rotator cuff. A 10% difference benchmark from the AAQS guidelines for the usage of
MCIDs in knee osteoarthritis was initially considered. However, the MCID is not a universal
fixed attribute that can be transferred across patient populations and all diseases, 1676 but it
has been shown that as the pooled estimate falls below half of the MCID, it becomes
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progressively less likely that an appreciable number of patients will achieve important
benefits from treatment.3! As such, we adopted a 5% absolute difference threshold for the
MCID in this study. To further address the issues of MCID heterogeneity and comparability,
anchor-based MCIDs in the literature were collected. These median, mean, maximum, and
minimum MCID values are presented to further support the conservative nature of the 5%
threshold adopted in this study.

This study suggests that PRP may not provide clinically meaningful improvements in pain
or function, despite statistically significant findings. However, this does not mean that the
statistical improvements demonstrated in this meta-analysis should be disregarded. PRP
composition tends to be highly variable, and the literature as a whole may not accurately
represent the efficacy of individual treatments. A side-by-side comparison of 6 systems
demonstrated similar platelet concentration and capture efficiency,1# but there were
significant differences in WBCs, neutrophils, red blood cell concentration, and pH. Other
variables that may significantly influence PRP efficacy include the use of activation, platelet
count, quantification of additional growth factors (EGF, FGF, PDGF, VEGF, TGF-beta), and
timing of PRP administration.>® Each of these factors presents additional sources of
variability that hinder the interpretation of PRP trials. Moreover, as mentioned previously, a
reduction in the retear rate was observed, which can be considered clinically significant.

A limitation of this review is that it includes both traumatic injuries and tendon
abnormalities more generally. While tendinopathy has been shown to precede tearing,%°
there are important biological differences between the two that likely have clinical
implications. Tendinopathy is a debilitating injury initiated by a number of biological and
physical factors, including age, oxidative stress, and loading. In contrast to partial or
complete tendon ruptures, a histological examination shows that tendinopathy results in
disordered healing without macroscopic tearing or inflammation.47:57:58

The quantitative results of this study are limited by several factors. Study heterogeneity and
a small number of studies within subgroups are major limitations. There is extensive
variability in the PRP Kits that were used, PRP formulation, outcome usage, and data
reporting. Nearly every study included in this review used a different PRP Kkit, each of which
utilized different preparation protocols that changed the final composition of PRP delivered.
Gel formulations were used in only 3 studies. While there was relative homogeneity in the
usage of nongel PRP, the limited number of studies on PRP gel precludes meaningful
comparisons between formulations. The injection technique itself was also variable, as some
studies used intratendinous injections, whereas others used subacromial injections. Variable
outcome usage by different studies is another limitation. For example, SST and ASES scores
were reported by few studies, leading to lower power statistical analyses. Additionally,
variable data reporting limited the comparability of studies. Furthermore, 12 of the 17
included studies did not report leukocyte concentration, and 4 studies did not report which
rotator cuff tendons were affected in their study cohorts. There was also high variability in
the usage of PRP activation, temperature, and timing and volume of injections, which may
change the biological activity and yield of PRP.1® The poor reporting and heterogeneity of
these variables have been widely cited®4 and limit interstudy comparability.
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An additional limitation specific to comparing rotator cuff studies is the variability in
adjunct procedures. Biceps tenodesis and acromioplasty, for example, are 2 procedures that
are often performed alongside rotator cuff repair because of the high association of rotator
cuff tears with bicipital tendinitis#6 and degenerative arthritic changes at the head of the
clavicle.!! The high frequency of additional procedures makes it difficult to compare
patients within and between different studies. Procedural heterogeneity may ultimately be
unavoidable, although larger scale trials may partially mitigate this limitation by providing
more robust data sets to work with.

Another possible confounding factor is the repair technique (single- vs double-row repair),
although the literature as a whole suggests no relationship between most PRO scores and the
type of repair. For instance, a 2014 meta-analysis*! showed that while rotator cuff tears
treated with single-row repair had significantly higher retear rates than those treated with
double-row repair, there were no significant differences in PRO scores. A more recent meta-
analysis by Hantes et al3 also found no significant differences in outcome scores between
the 2 techniques, although double-row repair was found to have a significantly higher tendon
healing rate. In the same study, patients with healed tendons reported higher UCLA and
Constant scores than those with retorn tendons, suggesting that double-row repair may
actually improve the likelihood of higher outcome scores in the long term because of its
association with superior tendon healing and fewer retears compared with single-row repair.
Ultimately, the influence of repair technique on the patients analyzed within this study is
unclear and may partially explain the finding of decreased retear rates in PRP-treated
patients.

CONCLUSION

The strength of this study is that it reviewed exclusively level 1 randomized controlled trials,
analyzed multiple subgroups, and compared quantitative results with the MCID. This study
also attempted to quantify the effects of using LR-PRP versus LP-PRP, gel versus nongel
preparations, and tendon-specific outcomes, although there were insufficient data to make
definitive conclusions in these subdomains. One notable finding was that long-term retear
rates significantly decreased in groups treated with PRP, but further investigation into the
cost-effectiveness of PRP in rotator cuff healing is needed. Several PRO measures (Constant
score, VAS, retear rate) were significantly improved in PRP-treated patients, but all PROs
failed to reach the 5% MCID threshold. More data are needed from well-designed,
appropriately powered clinical trials on the use of PRP for rotator cuff abnormalities. Given
the wide disparity between the MCID and effect sizes of the PRO measures included in this
study, we can neither recommend nor discourage the use of PRP for rotator cuff injuries,
despite finding statistically significant improvements in pain and function.
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Am J Sports Med. Author manuscript; available in PMC 2020 July 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Chenetal.

Acknowledg

Page 12

ments

One or more of the authors has declared the following potential conflict of interest or source of funding: This work

was supported by grants UL1TR001855 and UL1TR000130 from the National Center for Advancing Translational

Sciences of the National Institutes of Health. AOSSM checks author disclosures against the Open Payments

Dal
res

tabase (OPD). AOSSM has not conducted an independent investigation on the OPD and disclaims any liability or
ponsibility relating thereto.

REFERENCES

1.

10

11.

12.

13.

14.

15.

Barber FA. Platelet-rich plasma for rotator cuff repair. Sports Med Arthrosc Rev. 2013;21(4):199-
205. [PubMed: 24212367]

. Biau DJ, Kernéis S, Porcher R. Statistics in brief: the importance of sample size in the planning and

interpretation of medical research. Clin Orthop Relat Res. 2008;466(9):2282-2288. [PubMed:
18566874]

. Blumenreich MS. The white blood cell and differential count In: Walker HK, Hall WD, Hurst JW,

eds. Clinical Methods: The History, Physical, and Laboratory Examinations. 3rd ed. Boston:
Butterworths; 1990:724-727.

. Cai Y- Z, Zhang C, Lin X- J. Efficacy of platelet-rich plasma in arthroscopic repair of full-thickness

rotator cuff tears: a meta-analysis. J Shoulder Elbow Surg. 2015;24(12):1852-1859. [PubMed:
26456434]

. Carr AJ, Murphy R, Dakin SG, et al. Platelet-rich plasma injection with arthroscopic acromioplasty

for chronic rotator cuff tendinopathy: a randomized controlled trial. Am J Sports Med.
2015;43(12):2891-2897. [PubMed: 26498958]

. Castricini R, Longo UG, De Benedetto M, et al. Platelet-rich plasma augmentation for arthroscopic

rotator cuff repair: a randomized controlled trial. Am J Sports Med. 2011;39(2):258-265. [PubMed:
21160018]

. Chakravarty K, Webley M. Shoulder joint movement and its relationship to disability in the elderly.

J Rheumatol. 1993;20(8):1359-1361. [PubMed: 8230019]

. Chen X, Jones IA, Park C, Vangsness CT. The efficacy of platelet-rich plasma on tendon and

ligament healing: a systematic review and meta-analysis with bias assessment. Am J Sports Med.
2018; 46(8):2020-2032. [PubMed: 29268037]

. Christiansen DH, Frost P, Falla D, Haahr JP, Frich LH, Svendsen SW. Responsiveness and minimal

clinically important change: a comparison between 2 shoulder outcome measures. J Orthop Sports
Phys Ther. 2015;45(8):620-625. [PubMed: 26110548]

. Christie A, Dagfinrud H, Garratt AM, Ringen Osnes H, Hagen KB. Identification of shoulder-
specific patient acceptable symptom state in patients with rheumatic diseases undergoing shoulder
surgery. J Hand Ther. 2011;24(1):53-60; quiz 61. [PubMed: 21272764]

Cofield RH, Parvizi J, Hoffmeyer PJ, Lanzer WL, llstrup DM, Rowland CM. Surgical repair of
chronic rotator cuff tears: a prospective long-term study. J Bone Joint Surg Am. 2001;83(1):71-77.
[PubMed: 11205861]

Coleman BD, Khan KM, Maffulli N, Cook JL, Wark JD. Studies of surgical outcome after patellar
tendinopathy: clinical significance of methodological deficiencies and guidelines for future
studies. Victorian Institute of Sport Tendon Study Group. Scand J Med Sci Sports. 2000;10(1):2—
11. [PubMed: 10693606]

D’Ambrosi R, Palumbo F, Paronzini A, Ragone V, Facchini RM. Platelet-rich plasma
supplementation in arthroscopic repair of full-thickness rotator cuff tears: a randomized clinical
trial. Musculoskelet Surg. 2016;100(suppl 1):25-32.

Degen RM, Bernard JA, Oliver KS, Dines JS. Commercial separation systems designed for
preparation of platelet-rich plasma yield differences in cellular composition. HSS J.
2017;13(1):75-80. [PubMed: 28167878]

Dhurat R, Sukesh M. Principles and methods of preparation of platelet-rich plasma: a review and
author’s perspective. J Cutan Aesthet Surg. 2014;7(4):189-197. [PubMed: 25722595]

Am J Sports Med. Author manuscript; available in PMC 2020 July 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Chenetal.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Page 13

Dworkin RH, Turk DC, Wyrwich KW, et al. Interpreting the clinical importance of treatment
outcomes in chronic pain clinical trials: IMMPACT recommendations. J Pain. 2008;9(2):105-121.
[PubMed: 18055266]

Ebert JR, Wang A, Smith A, et al. A midterm evaluation of postoperative platelet-rich plasma
injections on arthroscopic supraspinatus repair: a randomized controlled trial. Am J Sports Med.
2017; 45(13):2965-2974. [PubMed: 28806095]

Fitzpatrick J, Bulsara M, Zheng MH. The effectiveness of platelet-rich plasma in the treatment of
tendinopathy: a meta-analysis of randomized controlled clinical trials. Am J Sports Med. 2017,
45(1):226-233. [PubMed: 27268111]

Flury M, Rickenbacher D, Schwyzer H- K, et al. Does pure platelet-rich plasma affect
postoperative clinical outcomes after arthroscopic rotator cuff repair? A randomized controlled
trial. Am J Sports Med. 2016;44(8):2136-2146. [PubMed: 27184542]

Gagnier JJ, Robbins C, Bedi A, Carpenter JE, Miller BS. Establishing minimally important
differences for the American Shoulder and Elbow Surgeons score and the Western Ontario Rotator
Cuff Index in patients with full-thickness rotator cuff tears. J Shoulder Elbow Surg.
2018;27(5):e160-e166. [PubMed: 29307675]

Galatz LM, Ball CM, Teefey SA, Middleton WD, Yamaguchi K. The outcome and repair integrity
of completely arthroscopically repaired large and massive rotator cuff tears. J Bone Joint Surg Am.
2004; 86(2):219-224. [PubMed: 14960664]

Gumina S, Campagna V, Ferrazza G, et al. Use of platelet-leukocyte membrane in arthroscopic
repair of large rotator cuff tears: a prospective randomized study. J Bone Joint Surg Am.
2012;94(15): 1345-1352. [PubMed: 22854988]

Hantes ME, Ono Y, Raoulis VA, et al. Arthroscopic single-row versus double-row suture bridge
technique for rotator cuff tears in patients younger than 55 years: a prospective comparative study.
Am J Sports Med. 2018;46(1):116-121. [PubMed: 28942685]

Hein J, Reilly JM, Chae J, Maerz T, Anderson K. Retear rates after arthroscopic single-row,
double-row, and suture bridge rotator cuff repair at a minimum of 1 year of imaging follow-up: a
systematic review. Arthroscopy. 2015;31(11):2274-2281. [PubMed: 26188783]

Higgins JPT, Green S. Cochrane Handbook for Systematic Reviews of Interventions. Chichester,
UK: John Wiley & Sons; 2011.

Holmgren T, Oberg B, Adolfsson L, Bjérnsson Hallgren H, Johansson K. Minimal important
changes in the Constant-Murley score in patients with subacromial pain. J Shoulder Elbow Surg.
2014;23(8): 1083-1090. [PubMed: 24726486]

Hurley ET, Lim Fat D, Moran CJ, Mullett H. The efficacy of platelet-rich plasma and platelet-rich
fibrin in arthroscopic rotator cuff repair: a meta-analysis of randomized controlled trials. Am J
Sports Med. 2019;47(3):753-761. [PubMed: 29466688]

Jevsevar DS. Treatment of osteoarthritis of the knee: evidence-based guideline, 2nd edition. J Am
Acad Orthop Surg. 2013;21(9): 571-576. [PubMed: 23996988]

Jo CH, Shin JS, Lee YG, et al. Platelet-rich plasma for arthroscopic repair of large to massive
rotator cuff tears: a randomized, single-blind, parallel-group trial. Am J Sports Med.
2013;41(10):2240-2248. [PubMed: 23921338]

Jo CH, Shin JS, Shin WH, Lee SY, Yoon KS, Shin S. Platelet-rich plasma for arthroscopic repair of
medium to large rotator cuff tears: a randomized controlled trial. Am J Sports Med.
2015;43(9):2102-2110. [PubMed: 26015443]

Johnston BC, Thorlund K, Schiinemann HJ, et al. Improving the interpretation of quality of life
evidence in meta-analyses: the application of minimal important difference units. Health Qual Life
Outcomes. 2010;8(1):116. [PubMed: 20937092]

Jones IA, Togashi R, Wilson ML, Heckmann N, Vangsness CT. Intraarticular treatment options for
knee osteoarthritis. Nat Rev Rheumatol. 2018;85(suppl 3):49.

Jones IA, Togashi RC, Thomas Vangsness C. The economics and regulation of PRP in the evolving
field of orthopedic biologics. Curr Rev Musculoskelet Med. 2018;17:602-608.

Kesikburun S, Tan AK, Yilmaz B, YaSxar E, Yazicioglu K. Platelet-rich plasma injections in the
treatment of chronic rotator cuff tendinopathy: a randomized controlled trial with 1-year follow-
up. Am J Sports Med. 2013;41(11):2609-2616. [PubMed: 23893418]

Am J Sports Med. Author manuscript; available in PMC 2020 July 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Chenetal.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

Page 14

Kukkonen J, Kauko T, Vahlberg T, Joukainen A, Aarimaa V. Investigating minimal clinically
important difference for Constant score in patients undergoing rotator cuff surgery. J Shoulder
Elbow Surg. 2013;22(12):1650-1655. [PubMed: 23850308]

LaPrade RF, Geeslin AG, Murray IR, et al. Biologic treatments for sports injuries 11 think tank:
current concepts, future research, and barriers to advancement. Part 1: biologics overview,
ligament injury, tendinopathy. Am J Sports Med. 2016;44(12):3270-3283. [PubMed: 27159318]

Liao H- T, Marra KG, Rubin JP. Application of platelet-rich plasma and platelet-rich fibrin in fat
grafting: basic science and literature review. Tissue Eng Part B Rev. 2014;20(4):267-276.
[PubMed: 24004354]

Lundquist CB, Dgssing K, Christiansen DH. Responsiveness of a Danish version of the Disabilities
of the Arm, Shoulder and Hand (DASH) questionnaire. Dan Med J. 2014;61(4):A4813. [PubMed:
24814590]

Malavolta EA, Conforto Gracitelli ME, Ferreira Neto AA, Henrique Assuncao J, Bordalo-
Rodrigues M, de Camargo OP. Platelet-rich plasma in rotator cuff repair: a prospective randomized
study. Am J Sports Med. 2014,42(10):2446-2454. [PubMed: 25086065]

Michener LA, McClure PW, Sennett BJ. American Shoulder and Elbow Surgeons standardized
shoulder assessment form, patient self-report section: reliability, validity, and responsiveness. J
Shoulder Elbow Surg. 2002;11(6):587-594. [PubMed: 12469084]

Millett PJ, Warth RJ, Dornan GJ, Lee JT, Spiegl UJ. Clinical and structural outcomes after
arthroscopic single-row versus double-row rotator cuff repair: a systematic review and meta-
analysis of level | randomized clinical trials. J Shoulder Elbow Surg. 2014;23(4): 586-597.
[PubMed: 24411671]

Mithoefer K, McAdams T, Williams RJ, Kreuz PC, Mandelbaum BR. Clinical efficacy of the
microfracture technique for articular cartilage repair in the knee: an evidence-based systematic
analysis. Am J Sports Med. 2009;37(10):2053-2063. [PubMed: 19251676]

Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group. Preferred Reporting Items for
Systematic Reviews and Meta-analyses: the PRISMA statement. PLoS Med. 2009;6(7):e1000097.
[PubMed: 19621072]

Moore DR, Cain EL, Schwartz ML, Clancy WG. Allograft reconstruction for massive, irreparable
rotator cuff tears. Am J Sports Med. 2006;34(3):392-396. [PubMed: 16260463]

Moraes VY, Lenza M, Tamaoki MJ, Faloppa F, Belloti JC. Platelet-rich therapies for
musculoskeletal soft tissue injuries. Cochrane Database Syst Rev. 2013;(12):CD010071. [PubMed:
24363098]

Murthi AM, Vosburgh CL, Neviaser TJ. The incidence of pathologic changes of the long head of
the biceps tendon. J Shoulder Elbow Surg. 2000;9(5):382-385. [PubMed: 11075320]

Nourissat G, Berenbaum F, Duprez D. Tendon injury: from biology to tendon repair. Nat Rev
Rheumatol. 2015;11(4):223-233. [PubMed: 25734975]

Oxford Centre for Evidence-Based Medicine. The Oxford 2011 levels of evidence. https://
www.cebm.net/2009/06/oxford-centre-evidence-based-medicine-levels-evidence-march-2009/.
Accessed January 2018.

Pandey V, Bandi A, Madi S, et al. Does application of moderately concentrated platelet-rich
plasma improve clinical and structural outcome after arthroscopic repair of medium-sized to large
rotator cuff tear? A randomized controlled trial. J Shoulder Elbow Surg. 2016;25(8):1312-1322.
[PubMed: 27262412]

Rai SK, Yazdany J, Fortin PR, Avifia-Zubieta JA. Approaches for estimating minimal clinically
important differences in systemic lupus erythematosus. Arthritis Res Ther. 2015;17(1):143.
[PubMed: 26036334]

Randelli P, Arrigoni P, Ragone V, Aliprandi A, Cabitza P. Platelet rich plasma in arthroscopic
rotator cuff repair: a prospective RCT study, 2-year follow-up. J Shoulder Elbow Surg.
2011;20(4):518-528. [PubMed: 21570659]

Rha D- W, Park G- Y, Kim Y- K, Kim MT, Lee SC. Comparison of the therapeutic effects of
ultrasound-guided platelet-rich plasma injection and dry needling in rotator cuff disease: a
randomized controlled trial. Clin Rehabil. 2013;27(2):113-122. [PubMed: 23035005]

Am J Sports Med. Author manuscript; available in PMC 2020 July 02.


https://www.cebm.net/2009/06/oxford-centre-evidence-based-medicine-levels-evidence-march-2009/
https://www.cebm.net/2009/06/oxford-centre-evidence-based-medicine-levels-evidence-march-2009/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Chenetal.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Page 15

Riboh JC, Saltzman BM, Yanke AB, Fortier L, Cole BJ. Effect of leukocyte concentration on the
efficacy of platelet-rich plasma in the treatment of knee osteoarthritis. Am J Sports Med.
2016;44(3):792-800. [PubMed: 25925602]

Ruiz-Moneo P, Molano-Mufioz J, Prieto E, Algorta J. Plasma rich in growth factors in arthroscopic
rotator cuff repair: a randomized, double-blind, controlled clinical trial. Arthroscopy.
2013;29(1):2-9. [PubMed: 23276410]

Russell RP, Apostolakos J, Hirose T, Cote MP, Mazzocca AD. Variability of platelet-rich plasma
preparations. Sports Med Arthrosc Rev. 2013;21(4):186-190. [PubMed: 24212365]

Sharma P, Maffulli N. Basic biology of tendon injury and healing. Surgeon. 2005;3(5):309-316.
[PubMed: 16245649]

Sharma P, Maffulli N. Biology of tendon injury: healing, modeling and remodeling. J
Musculoskelet Neuronal Interact. 2006;6(2): 181-190. [PubMed: 16849830]

Sharma P, Maffulli N. Tendon injury and tendinopathy: healing and repair. J Bone Joint Surg Am.
2005;87(1):187-202. [PubMed: 15634833]

Simovitch R, Flurin P- H, Wright T, Zuckerman JD, Roche CP. Quantifying success after total
shoulder arthroplasty: the minimal clinically important difference. J Shoulder Elbow Surg.
2018;27(2):298-305. [PubMed: 29162305]

Stewart LA, Clarke M, Rovers M, et al. Preferred Reporting Items for Systematic Reviews and
Meta-Analyses of Individual Participant Data: the PRISMA-IPD statement. JAMA.
2015;313(16):1657-1665. [PubMed: 25919529]

Tallon C, Coleman BD, Khan KM, Maffulli N. Outcome of surgery for chronic Achilles
tendinopathy: a critical review. Am J Sports Med. 2001;29(3):315-320. [PubMed: 11394602]
Tashjian RZ, Deloach J, Green A, Porucznik CA, Powell AP. Minimal clinically important
differences in ASES and Simple Shoulder Test scores after nonoperative treatment of rotator cuff
disease. J Bone Joint Surg Am. 2010;92(2):296-303. [PubMed: 20124055]

Tashjian RZ, Deloach J, Porucznik CA, Powell AP. Minimal clinically important differences
(MCID) and patient acceptable symptomatic state (PASS) for visual analog scales (VAS)
measuring pain in patients treated for rotator cuff disease. J Shoulder Elbow Surg. 2009;
18(6):927-932. [PubMed: 19535272]

Tashjian RZ, Hung M, Keener JD, et al. Determining the minimal clinically important difference
for the American Shoulder and Elbow Surgeons score, Simple Shoulder Test, and visual analog
scale (VAS) measuring pain after shoulder arthroplasty. J Shoulder Elbow Surg. 2017;26(1):144—
148. [PubMed: 27545048]

Teunis T, Lubberts B, Reilly BT, Ring D. A systematic review and pooled analysis of the
prevalence of rotator cuff disease with increasing age. J Shoulder Elbow Surg. 2014;23(12):1913—
1921. [PubMed: 25441568]

Torrens C, Guirro P, Santana F. The minimal clinically important difference for function and
strength in patients undergoing reverse shoulder arthroplasty. J Shoulder Elbow Surg.
2016;25(2):262-268. [PubMed: 26422525]

van Kampen DA, Willems WJ, van Beers LWAH, Castelein RM, Scholtes VAB, Terwee CB.
Determination and comparison of the smallest detectable change (SDC) and the minimal important
change (MIC) of four-shoulder patient-reported outcome measures (PROMs). J Orthop Surg Res.
2013;8(1):40. [PubMed: 24225254]

Vavken P, Sadoghi P, Palmer M, et al. Platelet-rich plasma reduces retear rates after arthroscopic
repair of small- and medium-sized rotator cuff tears but is not cost-effective. Am J Sports Med.
2015;43(12):3071-3076. [PubMed: 25767267]

\oleti PB, Buckley MR, Soslowsky LJ. Tendon healing: repair and regeneration. Annu Rev
Biomed Eng. 2012;14(1):47-71. [PubMed: 22809137]

Wan X, Wang W, Liu J, Tong T. Estimating the sample mean and standard deviation from the
sample size, median, range and/or inter-quartile range. BMC Med Res Methodol. 2014;14(1):135.
[PubMed: 25524443]

Wang A, McCann P, Colliver J, et al. Do postoperative platelet-rich plasma injections accelerate
early tendon healing and functional recovery after arthroscopic supraspinatus repair? A
randomized controlled trial. Am J Sports Med. 2015;43(6):1430-1437. [PubMed: 25790835]

Am J Sports Med. Author manuscript; available in PMC 2020 July 02.



1duosnue Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Chenetal.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Page 16

Warth RJ, Dornan GJ, James EW, Horan MP, Millett PJ. Clinical and structural outcomes after
arthroscopic repair of full-thickness rotator cuff tears with and without platelet-rich product
supplementation: a meta-analysis and meta-regression. Arthroscopy. 2015;31(2):306—320.
[PubMed: 25450417]

Weber SC, Kauffman JI, Parise C, Weber SJ, Katz SD. Platelet-rich fibrin matrix in the
management of arthroscopic repair of the rotator cuff: a prospective, randomized, double-blinded
study. Am J Sports Med. 2013;41(2):263-270. [PubMed: 23204506]

Weibrich G, Kleis WKG, Hafner G, Hitzler WE. Growth factor levels in platelet-rich plasma and
correlations with donor age, sex, and platelet count. J Craniomaxillofac Surg. 2002;30(2):97-102.
[PubMed: 12069512]

Werner BC, Chang B, Nguyen JT, Dines DM, Gulotta LV. What change in American Shoulder and
Elbow Surgeons score represents a clinically important change after shoulder arthroplasty? Clin
Orthop Relat Res. 2016;474(12):2672-2681. [PubMed: 27392769]

Wright A, Hannon J, Hegedus EJ, Kavchak AE. Clinimetrics corner: a closer look at the minimal
clinically important difference (MCID). J Man Manip Ther. 2012;20(3):160-166. [PubMed:
23904756]

Yin Z, Chen X, Chen J-L, Ouyang H-W. Stem cells for tendon tissue engineering and regeneration.
Expert Opin Biol Ther. 2010;10(5):689-700. [PubMed: 20367125]

Zhang Z, Wang Y, Sun J. The effect of platelet-rich plasma on arthroscopic double-row rotator cuff
repair: a clinical study with 12-month follow-up. Acta Orthop Traumatol Turc. 2016;50(2):191—
197. [PubMed: 26969955]

Zhao J-G, Zhao L, Jiang Y-X, Wang Z-L, Wang J, Zhang P. Platelet-rich plasma in arthroscopic
rotator cuff repair: a meta-analysis of randomized controlled trials. Arthroscopy. 2015;31(1):125-
135. [PubMed: 25278352]

Zumstein MA, Rumian A, Thélu CE, et al. SECEC Research Grant 2008 1. Use of platelet- and
leucocyte-rich fibrin (L-PRF) does not affect late rotator cuff tendon healing: a prospective
randomized controlled study. J Shoulder Elbow Surg. 2016;25(1):2-11. [PubMed: 26687471]

Am J Sports Med. Author manuscript; available in PMC 2020 July 02.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

Chen et al.

J

Eligibility Screening Identification

Included

Records identified through
database searching
(n=220)

Additional records identified
through other sources
(n=0)

Records after duplicates removed
(n=220)

A 4

Records excluded
(n=194)

Records screened
(n=220)

Y

A 4

Full-text articles assessed
for eligibility Full-text articles excluded:
(n=26) \ Level Il evidence 4, pilot
study 2, study protocol 1,
not relevant 1 (n = 8)

A 4

Studies included in
qualitative synthesis
(n=18)

A

Studies included in
quantitative synthesis
(n=17)

Figurel.
Flow diagram based on the PRISMA (Preferred Reporting Items for Systematic Meta-

Analyses) guidelines outlining the literature search, screening, review, and inclusion.

Am J Sports Med. Author manuscript; available in PMC 2020 July 02.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

Chen et al.

A “

Page 18

%
Study WMD (95% C1) Weight Study WMD (85% C1) Weight
Supraspinatus | s 1
27164542 (Thiry) — 0s(2m. 400 4342 25086065 (Malavotta) —_— 019(130,092) 862
25006065 (Malavolta) —_— DIACEA601Y), ABT Sublotal (1squared = %,p =) _ T 019(130,092) 862
21160018 (Castricini) — 000(322,322)  14.18
H
Subtotal (I-squared = 0.0%, p = 0.953) < 0.21(-2.00, 2.41) 3216 o
| paciod
2 0 26969955 (Zhang) H - 0.40 (0.30, 0.50) 2154
Not Specified | |
oxSpeck H 26498958 (Carr) b " -0.67 (-1.86, 0.53) 7.89
26969955 (Zhang) —_—— 120(245,485) 1201 !
22854988 (Gumina) —_—— 370 (1.04,6.36) 17.70 20418 (Kaekuaun) — 1 149(:338,040) 403
N o ’ Sublotal (-squared = 70.7%, p = 0.033 . 031 (1.42,079) 3348
Subtotal (I-squared = 15.0%, p = 0.278) <> 278 (0.41,5.14) 2971 . Lace g 4 <;> ¢ J
T
Multiple Tendons o Multols Teedons
26015443 (Jo, 2015) 14— 380(052,812) 945 26015443 (Jo, 2015) —_— 042 (-1.10,026) 1387
} —_— 141 (228, 0:
21570659 (Randelli) —_——— 370(-1.16,856)  7.86 21670650 (Randoll) 141(220,080 N2
27262412 (Pandey) E—-o— 5.60 (298, 8.22) 17.94 2720342 (Panden) <047 (:0.34,0.00) 2103
23921338 (Jo, 2013) —_— e 5 408(369,1365) 288 23921338 (Jo, 2013) . - -0.34 (-1.17,0.49) 11.80
Subtotal (I-squared = 0.0%, p = 0.860) < 487(289,685) 3813 Subtotal (1squared = 61.7%, p = 0.050) <> 043 (090,000) o782
Overall (squared = 30.7%, p = 0.172) <> 266 (1.13,4.19) 100.00 Overall (-squared = 87.5%, p = 0.000) < 034(076,009) 10000
NOTE: Weights are from random effects analysis i NOTE: Weights are from random effects analysis. H
T T T T
37 0 187 338 0 338
C *
Study OR (85% CI) Weight
Supraspinatus i
27184542 (Flury) — 053(0.18,1.57)  24.04
- 032(0.01,824) 267
28806095 (Ebert) —_— 033(001,855) 267
Subtotal (I-squared = 0.0%, p = 0.931) < 049(0.18,1.30) 2939
Not Specified i
26969955 (Zhang) —1 0.36 (0.10, 1.33) 16.38
22854988 (Gumina) —_— 0.12(001,250) 3.3
Subtotal (I-squared = 0.0%, p = 0.527) 0 0.30(0.09,1.01) 1951
Multiple Tendons |
26015443 (Jo, 2015) D — 013001, 1.11) 591
27262412 (Pandey) —_— 0.16(003,077) 1135
23921338 (Jo, 2013) —o—:— 0.20(0.05,084) 1363
21570859 (Randelli) —e—.— 0.63 (0.20, 2.06) 2022
Subtotal (I-squared = 2.2%, p = 0.381) O 028(0.13,060)  51.11
: 1
Overall (I-squared = 0.0%, p = 0.821) <> 034(020,057)  100.00

NOTE: Weights are from random effects analysis H
T

o1 1

Figure 2.

Clinical outcomes based on tendon(s) affected at long-term follow-up: (A) Constant score,

(B) visual analog scale, and (C) retear rate. OR, odds ratio; WMD, weighted mean

difference.
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Figure 3.

0

Clinical outcomes based on the use of leukocyte-rich versus leukocyte-poor platelet-rich
plasma at long-term follow-up: (A) Constant score, (B) visual analog scale, and (C) retear
rate. OR, odds ratio; WMD, weighted mean difference.
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Figure 4.

NOTE: Waights are from random effects analysis

T
o

Clinical outcomes based on the use of gel application at long-term follow-up: (A) Constant
score, (B) visual analog scale, and (C) retear rate. OR, odds ratio; WMD, weighted mean

difference.

Am J Sports Med. Author manuscript; available in PMC 2020 July 02.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

Chen et al.

Page 21
Funnel plot with pseudo 95% confidence limits B Funnel plot with pseudo 95% confidence limits
o A o - -
c ol i L%
o/ N A . 2N
L% @ A’ ® S
4 N | 87 e S
‘e n A N . N
4 uy R o' m N
o~ , N
— ’ Am N — 4 A N,
o s [ N ) [ ] P L N N,
= rd ° Y ' N pe b DN
= ¥ g Al A N = p n = N
3 4 ° N ] d ° Ny
— Pl A N g A S
A o L ) N v N
4 AN s
7 N 4 | ]
/// \\\ Sl // A
o’ e - a °
T T T T T T T T T T
-10 5 0 5 10 15 -2 -1 0 1
WMD WMD
e Baseline A Short Term ° Baseline A Short Term
L] Long Term ————- Lower Cl n Long Term ————- Lower CI
————— Lower CI Pooled ————- LowerCl Pooled
Funnel plot with pseudo 95% confidence limits
o
~
- ~
// e N
o
o # i
'@ pd A E
o o A A ¥
- P A ™
k3 rd A i
(S Yl S
5 S
el < 23
g l \
S A SN
[C R S o ~
& - 'S 2
o~ 4
T T T
-4 0 2
Log Odds Ratio
[ Baseline A Long Term
————— LowerCl ————- LowerCl
Pooled
Figureb.

Funnel plots for clinical outcomes: (A) Constant score, (B) visual analog scale, and (C)
retear rate. OR, odds ratio; WMD, weighted mean difference.
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